From the n-butanol extract of the aerial parts of Exellodendron coriaceum (Benth.) Prance the flavonoids quercetin- (4) were isolated. Additionally from this extract three flavonoids were isolated and partially characterized as quercetin glycosides. All these compounds were tested for their hypoglycemic activity using the glucose-6-phosphatase microsomal hepatic system. The flavonoids inhibited the activity of the enzyme when intact microsomes were used, the highest percentage of inhibition being 65%. To the best of our knowledge, this is the first report of chemical and biological activity of E. coriaceum.
Chrysobalanaceae is a family of flowering plants, consisting of 17 genera and approximately 400 species of trees and shrubs that grow mainly in tropical and subtropical regions. In Venezuela, there are 7 genera in this family [1] , and our group has studied the phytochemistry and biological activity of species from 5 of these genera [2, 3] . The results have shown these plants to be rich in flavonoids and to have different biological properties, such as cytotoxic, antibacterial, hypotensive, antiviral, leishmanicidal, antioxidant, and hypoglycemic activity [4] . These findings encouraged us to continue our research on the Chrysobalanaceae family. In the present work we analyzed Exellodendron coriaceum (Benth.) Prance, one of 5 species in the genus, which are distributed in Brazil and in the south of Venezuela. This is the first species of Exellodendron to be studied.
We report here the isolation of seven flavonoids from the n-butanol extract of the aerial parts of E. coriaceum, of which compounds (4) , while three compounds, due to the small amounts isolated, could not be fully identified, but were partially characterized as derivatives of methoxylated and/or glycosylated quercetin with glucose, galactose, or arabinose as sugar moieties, according to data from ESI-MS analysis. Flavonoids 3 and 4 are being reported for the first time in the family. All compounds were tested for potential hypoglycemic activity in the rat liver microsomal glucose-6-phosphatase (G-6-Pase) bioassay, which might be a useful method to determine substances that reduce glycaemia. The G-6-Pase (EC 3.1.3.9) catalyzes the last step of glycogenolysis and gluconeogensis, and is constituted by a catalytic subunit and three transporters: T1 for glucose-6-phosphate, T2 for phosphate, and T3 for glucose. The enzyme and transporters are potential targets for antidiabetic therapy [5] .
All flavonoids evaluated inhibited the G-6-Pase activity in intact microsomes, but only two of them (Que + 2 OMe + 162 + 132 and Que + 162 + 162) in the disrupted system. Phlorizin was used as a positive control (28% inhibition), because it is a well known inhibitor of T1. According to the G-6-Pase model [6] , when a compound inhibits G-6-Pase activity of disrupted microsomes, it is acting on the catalytic subunit; on the other hand, if the inhibition occurs in intact microsomes, the compound is affecting any one of the G-6-Pase components, more probably the T1 transporter. Our results suggest that the flavonoids from the n-butanol extract of E. coriaceum inhibit one of the transporters, probably T1. In general, most of the compounds studied in the present work behaved in a similar way as phlorizin.
Quercetin-3-O-α-L-arabinopyranoside
(2) and quercetin-3-O-α-L-rhamnopyranosyl-(1→2)-α-Lrhamnopyranoside (3) had the lowest inhibitory effect on G-6-Pase in intact microsomes. The percentage of inhibition was higher (52%) for quercetin-3-O-α-Lrhamnopyranosyl-(1→6)-β-D-galactopyranoside (4) and quercetin with a methoxyl and 2 hexose units (possibly glucose and/or galactose). Comparing these values with the ones obtained for 3 and quercetin with two hexoses, respectively, it could be suggested that the presence of galactose increases the inhibitory effect of the flavonoid glycoside; the same applies to a methoxyl substituent. The strongest inhibitory effect was observed for quercetin containing two methoxyl substituent and two glycosyl moieties (with 162 and 132 uma, respectively). This result supports the statement about the effects of a methoxy group and galactose unit on the inhibitory effect of these glycosides. Compounds 1-4 and methoxylated quercetin with two hexoses increased the G-6-Pase activity in the disrupted microsomes. This effect could be due to modifications in the organelle membranes that expose the active center of the enzyme as a consequence of the joint action of histones and the glycosylated flavonoids with anphipatic characteristics.
Our results on the inhibition of the G-6-Pase activity by flavonoids from E. coriaceum are in conformity with previous results on the inhibitory effects of flavonoids from Licania densiflora (Chrysobalanaceae) on the activity of the G-6-Pase enzyme. From the methanol extract of L. densiflora leaves quercetin and quercetin 3-O-α-Lrhamnopyranoside were isolated, both of which showed inhibition of the enzyme [7] . So far, the results indicate that the presence of quercetin seems to have an important role in the inhibition of the G-6-Pase activity. Further studies are needed to establish a more specific structure-activity relationship.
Experimental
General: All 1D and 2D experiments were performed on a Bruker Avance II 250 MHz spectrometer. The NMR spectra were recorded in CD 3 OD. ESI-MS spectra were recorded on an ion trap Advantage LCQ Thermo Finnigan spectrometer, San Jose, C.A. Column chromatography was performed on Sephadex LH-20. For preparative RP-HPLC a Shimadzu LC-8A was used. Column: Waters μ-Bondapak C 18 (7.8 x 300 mm; Waters, Milford, MA). TLC was performed on silica gel 60 F 254 aluminum plates (Merck, Darmstadt, Germany). TLC plates were sprayed with a saturated solution of ceric sulfate in 65% sulfuric acid (Sigma-Aldrich, Milano, Italy) and heated at 120°C. Naturstoff reagent (1% 2aminoethyldiphenylborinate in MeOH) specific for flavonoids was also used.
Plant material:
The aerial parts and fruits of E. coriaceum (Benth.) Prance were collected near the Sipapo River, Amazonas State in October 1998, and were identified by Prof. Anibal Castillo. A voucher specimen is deposited at Fundación Instituto Botánico de Venezuela (voucher number 6969 VEN 309885) Universidad Central de Venezuela.
Microsome purification and G-6-Pase assay:
Liver microsomes were purified as described by Marcucci et al. [8] from rats fasted overnight. The microsomal fraction was resuspended in 0.25 mM sucrose, 1mM MgCl 2 , and 5 mM HEPES, pH 6.5, to give a final protein concentration of 1 mg/mL and frozen at -80°C until use. Proteins were estimated using a modification of the Lowry method [9] . Enzymatic assays were performed by the method of Burchell et al. [10] , with intact and disrupted (histone treated) microsomes.
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Extraction and isolation:
The oven dried aerial parts and fruits of E. coriaceum (1389 g) were defatted with n-hexane and successively extracted for 48-72 h with CHCl 3 , CHCl 3 -MeOH (9:1), MeOH, and MeOH-H 2 O (1:1) (4 x 1.5 L) to give 17.9 g, 18.0 g, 70.8 g, and 21.2 g of the respective residue. A portion of the methanolic extract (25 g) was partitioned between n-BuOH and H 2 O. After evaporation of the solvent, the n-butanol residue (7.14 g) was chromatographed on Sephadex LH-20 using MeOH as eluent. Fractions of 9 mL were collected and grouped into 20 major fractions by TLC with n-BuOH-AcOH-H 2 O (60:15:25). Fraction 10 (58.8 mg) was identified as 3. Identification of the isolated compounds was achieved by means of spectroscopic (1D-and 2D-NMR) and ESI-MS methods, and by comparison with literature data [11, 12] .
